The measurements of soil CO 2 efflux in a Norway spruce (Picea abies [L.] Karst.) forest stand are reported for a 6-month period (from May 1 st to October 26 th 1999). Forest floor CO 2 efflux was measured at four positions using a portable infrared gas analyser (LI-COR), operating as a closed dynamic system and connected to a portable soil chamber. Soil CO 2 efflux was measured 3-4 times per month. Soil temperature at a depth of 5 cm was recorded during the whole period with an interval of ten minutes. An exponential regression was used to describe the relationship between soil temperature and soil CO 2 efflux. On the basis of this relationship Q 10 values were calculated. The averaged value of Q 10 for the studied Norway spruce forest stand was 3.74.
JOURNAL OF FOREST SCIENCE, 50, 2004 (12): 573-578 The total global emission of CO 2 from soils is recognized as one of the largest fluxes in the global carbon cycle, and small changes in the magnitude of soil respiration could have a large effect on the concentration of CO 2 in the atmosphere (SCHLESINGER, ANDREWS 2000) . Understanding the role of forests in the global carbon cycling has been regarded to be important when considering the possible role of forests as a significant carbon sink (DENNING et al. 1995; NORBY et al. 1999) . In forest ecosystems, as in other ecosystem types, net CO 2 is the residual between two large fluxes approximately similar in magnitude but opposite in sign (photosynthetic carbon uptake versus respiratory losses). However, the problem is much more complicated because we do not know whether the presumed forest-ecosystem sink capacity for carbon will continue as the forest stands grow. Sequestration of carbon into forest soil represents a major component of the terrestrial carbon cycle and is of particular interest because it could be a potential sink for carbon (RAICH, SCHLESINGER 1992) .
Soil carbon efflux, as an index of the metabolic activity of heterotrophic microbes and plant roots (FANG et al. 1998) , is thought to account for 60-80% of ecosystem respiration (EPRON et al. 1999a; DAVIDSON et al. 1998) . However, as the efflux of CO 2 from the soil is typically characterized by a large temporal and spatial variability, the high heterogeneity introduces an uncertainty in the estimations. Even though soil CO 2 efflux has often been measured, more estimates are still required in different ecosystems (depending on site characteristics such as species, climate, stand conditions, etc.) to add to the carbon budget establishment of European forests with the aim of better assessment of the contribution of soil CO 2 .
Our objective was to provide a reliable estimate of soil CO 2 efflux in a Norway spruce forest stand using a portable chamber connected to an infra-red gas analyser, to investigate the relationship between soil respiration and soil temperature and its dependence for a better understanding of soil CO 2 efflux, to achieve the dynamic of soil respiration during the vegetation season.
MATERIALS AND METHODS

Site description
The study was conducted at the Experimental Ecological Study Site Bílý Kříž (49°30´17´´N, 18°32´28´´E, 908 m a.s.l.) in the Moravian-Silesian Beskydy Mountains, Czech Republic. The selected forest plot covers 0.25 ha and is located on a slight slope (13°) with a SSE exposure; it is mainly composed of 22-year-old Norway spruce (Picea abies [L.] Karst.) and silver fir (Abies alba Miller.), 98% and 2%, respectively (density: 2,500 trees/ha, last thinning in 1996). Understorey vegetation covered about 60% of the forest floor and consisted mainly of bilberries (Vaccinium myrtillus L.). Leaf Area Index was 7.3 in 1999. The mean annual air temperature is 5.5°C. The mean annual rainfall is 1,100-1,400 mm and no water deficit was reported for the study site during this period (data not shown). Soil is Ferric Podzols on sandstone (flysch type) according to the F.A.O. classification and is covered with moder-type humus. Soil texture is loamy/sandyloam with 30-40% of gravel, depth 60-80 cm. The pH/ H 2 O of the topsoil (0-35 cm) is 4.2 with N deposition of 11.5 kg/ha/year.
CO 2 efflux measurement
To assess the soil surface CO 2 efflux, four positions were randomly chosen within the experimental plot, in each position a collar (circular-shaped, with a diameter of 16 cm and height of 11 cm) made of opaque PVC plastic material was installed. The collar edge was inserted in the soil to a depth of 5 cm while the upper collar part remained above the soil surface and covers 201 cm 2 of soil (the objective of these collars was to provide better stability to the chamber and to locate sites where the measurements had to be done during the vegetation season, i.e. to measure exactly the same place each time). Collars were installed during the first days of May and remained permanently at their location for the whole data-collecting period. The first measurements were done two weeks after collar installation to be sure that soil disturbance due to the site preparation did not interfere in recording the data. The four selected locations represent the soil surface CO 2 efflux in situ as a global component, i.e. root respiration, micro-and macrofauna respiration and organic matter decomposition. Positions 1 and 2 were located in the inter-row of the stand, position 2 was close to a canopy gap, positions 3 and 4 were located in the row of the stand. The soil surface was free of plants at the collar positions.
A portable system for soil surface CO 2 efflux measurements consisting of an infra-red gas analyser operating as a closed dynamic system (LI-6250 IRGA, LI-COR, Inc., Lincoln, Nebraska, USA) was used. Carbon dioxide efflux was measured from an opaque PVC cylinder-shape chamber that was hand made following the design of NOR- MAN et al. (1992) . Its height was 17 cm with a diameter of 15.1 cm. The chamber is surrounded with a metal ring to gain weight and its edge encircled with neoprene to avoid air-tightness. Further, thermistors PT 1000 (Hit, Inc., Uherské Hradiště, Czech Republic) were permanently installed in the ground under each collar at a depth of approximately 5 cm from the soil surface. They were connected to a data logger (Delta-T Ltd., UK) to record the temperature during the whole measurement period (May to October). Every 10 minutes, an averaged temperature value was stored to provide a seasonal course of soil temperature for each selected position.
Procedure of soil surface CO 2 efflux measurements
The chamber was placed on the collar only during measurements and immediately removed after measurements. The respiration rate of each position was estimated as an average from three series of 12 measurements with a time interval of five seconds, between each series of measurements the chamber was opened to permit the decrease of CO 2 to ambient concentration and to avoid any effect of temperature inside the chamber. Data were collected only during days without rain to avoid the interaction of water with CO 2 (film on soil or on chamber surface). The measurements were done only during the day from 8 a. 
Data analysis
The dependence of soil CO 2 efflux on soil temperature has been described frequently (LLOYD, TAYLOR 1994) . To test the dependence and relationship between soil CO 2 efflux and soil temperature an exponential regression was used:
where: β 0 and β 1 -the regression coefficients, T -the soil temperature (°C).
From regression (1), a value of Q 10 was calculated:
where: Q 10 -the change in respiration resulting from a 10°C increase in temperature.
RESULTS AND DISCUSSION
The soil temperatures measured at a depth of 5 cm for the four selected positions were very close to each other during the whole vegetation season (Fig. 1) . At the beginning of May, soil temperatures ranged around the value of 6°C. Then they increased gradually to reach a maximum at the beginning of July where they remained quite stable until the second week in August. The warmest periods were the first week in July and the second week in August, where the maximum soil temperature peaked 17°C and 16°C, respectively. However, the summer in 1999 was not so warm in comparison with the previous years. In the second part of October, soil temperature drastically fell to 4°C as consequence of early snow. For 3 of the 4 positions, the temperature trend was of a similar magnitude, daily as well as seasonally. Considering position 2, the daily and seasonal pattern of soil CO 2 efflux was higher than at the other three positions. It could be explained by the vicinity of the canopy gap that allowed the surface to become warmer than at the other three positions. The pattern for position 2 continued during all the season until the sudden early snowfall in the middle of October, when it had a lower temperature than the other positions. Air temperature at 2 m height was also recorded, the averaged values were 10.3°C for May, 12.5°C for June, 15.3°C for July, 13.3°C for August, 13.5°C for September and 4.29°C for October.
We plotted the soil surface CO 2 efflux obtained during the whole measurement campaign against their current The correlation coefficient ranged from 0.89 to 0.95 (Fig. 2) . The highest correlation was found in position 3. Combining the measured data of all four positions a high correlation between soil CO 2 efflux and soil temperature was found (r 2 = 0.87) (Fig. 3 ). Soil CO 2 efflux exhibited seasonal variations (Table 1) which clearly reflected seasonal changes in soil temperature (Fig. 1) . The monthly average values of measured soil CO 2 efflux ranged from 1.64 µmol CO 2 m 2 /s in October with a mean soil temperature of 5.4°C to 4.33 μmol CO 2 m 2 /s in August with a mean soil temperature of 12.2°C.
During the first three months of the measured period all four positions quickly exhibited an increase in soil CO 2 efflux. It could be the result of active root growth during spring and early summer. CO 2 efflux values for soil positions number 1, 3 and 4 were very close to each other while position 2 showed the highest soil flux; this is probably due to the location itself or others factors, i.e. spatial heterogeneity, sun exposure, microbial activity. BAL- DOCCHI and MEYERS (1991) and HANSON et al. (1993) pointed out that precipitation, aboveground pressure differences and turbulences above the soil surface could influence the efflux as well, and add more uncertainties to the yet not fully understood processes dealing with the soil respiration. On the other hand, it is well known that forest soil CO 2 efflux is usually characterized by a large spatial variability (MOISER 1990) . This variability could be explained by a range of biotic and abiotic factors.
The measured soil CO 2 efflux at each position was integrated in a graph according to the day of the year (Fig. 4) ; all four positions showed a seasonal trend with a maximum in the respiration rate occurring between the middle of July and the beginning of August, the mean respiration rate for all positions combined together was 3.39 µmol CO 2 m 2 /s. The used exponential regression (1) described the relationship between soil temperature at a depth of 5 cm and soil CO 2 efflux (Table 2) at four measured positions. The averaged value Q 10 for the experimental Norway spruce forest stand was 3.74. KIRSCHBAUM (1995) reported that Q 10 of organic matter decomposition was about 2.5 at 20°C and 4.5 at 10°C. Because the soil temperature at the study site ranged from 6°C to 17°C, rather a high Q 10 value was not unexpected. However, our 3.42 Fig. 3 . Relationship between soil CO 2 efflux and soil temperature at a depth of 5 cm, combining the four positions together calculated Q 10 is in the range of previously reported Q 10 by different authors (EPRON et al. 1999b; BUCHMANN 2000) .
CONCLUSIONS
After one season of measurements we concluded that the methodology and equipment used to measure soil CO 2 efflux during this study was reliable. From the obtained results it is possible to evaluate a seasonal variability of the soil respiration and its dependence on soil temperature. Even though the quantity of measurements done during the vegetation period of 1999 was not so extensive, it helps to know how much CO 2 is given off by forest soil in our region and to make future comparisons between other locations. However, it is evident that long-term measurement campaigns are extremely important for a better estimation of soil CO 2 effluxes and for the necessity of profound study of the ability of forest soil to sequester carbon and its importance in the carbon cycle. 
